In the biosciences, quantitative skills are an essential graduate learning outcome. Efforts to evidence student attainment at the whole of degree programme level are rare and making sense of such data is complex. We draw on assessment theories from Sadler (evaluative expertise) and Boud (sustainable assessment) to interpret final-year bioscience students' responses to an assessment task comprised of quantitative reasoning questions across 10 mathematical and statistical topics. The question guiding the study was: do final year science students graduate knowing the quantitative skills that they have, and knowing the quantitative skills that they do not have? Confidence indicators for the 10 topics gathered students' perceptions of their quantitative skills. Students were assigned to one of four categories: high performance-high confidence; low performance-low confidence; high performance-low confidence; or low performance-high confidencewith those in the first two categories demonstrating evaluative expertise. Results showed the majority of students effectively evaluated their quantitative skills as low performance-low confidence. We argue that the application of evaluative expertise to make sense of this graduate learning outcome can further the debate on how assuring graduate learning outcomes can enhance student learning.
Introduction
The quality of higher education qualifications is being debated internationally. In Australia, as in many countries, a thread of the debate has given rise to statements of graduate learning outcomes, described as discipline specific knowledge, skills or capabilities expected of any graduate in a given discipline (Ewan 2010) . These statements represent a broad set of intentions that can inform curriculum development activities and guide the collection of programme level assessment data within an evidence-based framework that assures students are graduating with the anticipated outcomes (Oliver 2013) . In the sciences, applying mathematical and statistical thinking and reasoning, typically referred to as quantitative skills, is an international expectation for university graduates (NRC 2003; Brown 2009; AAAS 2011; Koenig 2011; Matthews, Adams, and Goos 2015; , and underpins agreedupon Australian outcome statements for science graduates (Yates, Jones, and Kelder 2011) . Science is a broad field of inquiry, with the need for quantitative skills in the biosciences being identified as particularly important, although they are lacking in the curriculum. Recent studies highlighted factors inhibiting the inclusion of quantitative skills is the biosciences curriculum, including lack of shared understanding of what quantitative skills are needed (Matthews, Adams, and Goos 2015) , and the interdisciplinary nature of quantitative skills, leading to differing approaches between mathematicians and bioscientists (Rylands et al. 2013) .
Attempts to evidence science students' quantitative skills at the level of the degree programme have included approaches that gather data on students' perceptions or from assessment performance. For example, low-stakes assessment tasks of final-year bioscience students have been conducted at James Madison University in the USA for over a decade (Hurney et al. 2011) . They used the 'Angoff method', by gathering academics' predictions of bioscience students' performance, to determine to what extent students were meeting their expected standards. Another example is the use of a survey instrument, called the Science Students Skills Inventory (SSSI), to gather final-year students' perceptions of their quantitative skills as a result of completing a science degree programme (Matthews and Hodgson 2012) . The SSSI has been used in Australian universities as a benchmarking tool across two science degree programmes (Varsavsky, Matthews, and Hodgson 2014) , and to track the perceptions of final-year science cohorts over a four-year period within the same institution (Matthews, Adams, and Goos 2015) . These studies highlight the few efforts to evidence students' attainment of quantitative skills as a graduate learning outcome in the biosciences. While accountability agendas were mentioned, these studies also discussed how such evidence could be employed to enhance the curriculum in practice.
Formative, internal processes to gather evidence against established goals to reveal deficiencies that can be addressed by curricular reform activities are referred to as the 'assessment for improvement paradigm' (Ewell 2009 ). This perspective on graduate learning outcomes as a formative assessment activity lends itself to a body of literature on formative assessment that can open new ways of making sense of data on graduate level learning outcomes.
Evaluative expertise and sustainable assessment Boud (2000) argues for sustainable assessment, which he defines as 'assessment that meets the needs of the present without compromising the ability of students to meet their own future learning needs', with the emphasis on students' ability to self-assess the quality of their own work and respond accordingly to raise the quality of their work (151). Central to Boud's proposition of sustainable assessment is the question of who learns from assessment. The concern is that assessment in higher education has become imbalanced in favour of summative judgements made on students, as opposed to students learning to judge quality and self-assess their own learning outcomes effectively. Boud's central premise is that sustainable assessment affords students opportunities to self-assess. This is vital, he argues, for graduates to become lifelong learners who enter a workforce that expects them to be able to make reasonable judgements about their own and other's work.
If sustainable assessment is to be realised in higher education, Boud proposes several implications, including the development of sustainable assessment skills. He argues for the explicit statement of this skill set as a learning outcome, skills which resemble Sadler's (1989) notion of evaluative expertise. Sadler's seminal work on formative assessment introduced the concept of evaluative expertise in terms of three conditions that move students from feedback to self-monitoring: (1) students can recognise quality work; (2) students can, with some level of objectivity, self-evaluate their work against quality standards; and (3) students can employ appropriate strategies to meet quality standards. There is a temporal dimension in Sadler's theoretical argument, whereby the student gains evaluative experience that 'involves prolonged engagement in evaluative activity' (135). In the higher education context, Sadler (2009) argues that the university curriculum should lead to evaluative expertise by 'equipping students with evaluative insights and skills' (47). He suggests that evaluative expertise is a graduate level skill, whilst Boud (2000) explicitly argues for sustainable assessment skills as a graduate outcome of higher education. Although Boud recognises that the idea of sustainable assessment has institution wide applicability, he argues that the translation of what such sustainable assessment skills looks like will, and should, vary by disciplinary context. However, what sustainable assessment looks like is not clear. Evaluative expertise informs a picture of sustainable assessment, and there are empirical investigations that draw on evaluative expertise. For example, Carless (2007) described a four-year funded project in a Hong Kong university that proposed institutionalising learning-oriented assessment, which was underpinned by three strands including Sadler's notion of evaluative expertise. This was translated as a principle, 'assessment should involve students actively in engaging with criteria, quality, their own and/or peers' performance', with the intention of developing evaluative skills (60). Another example of applying evaluative expertise to practice was documented in New Zealand, where Hawe and Dixon (2014) explored Sadler's notion of evaluative expertise, which they refer to as evaluative and productive expertise, through observations of three primary teachers in differing writing classrooms. They used Sadler's theory of evaluative expertise in the data analysis phase. The complexity in designing writing tasks that fosters students' participation in 'assessment for learning' was revealed, along with challenges in how such tasks are enacted. Hawe and Dixon concluded that the traditional notion of the role of the teacher and the student is a factor that affects how evaluative expertise is applied in practice, which resonates with Sadler's (1989) and Boud's (2000) concern that students come to rely on teachers' judgement of their work instead of their own.
While not explicitly discussing evaluative expertise, several studies have investigated students' ability to self-assess. In the context of science higher education, an empirical study on self-assessment was conducted in final-year biological sciences practical classes (Orsmond and Merry 2013) . Students were interviewed to explore how they interpreted feedback from tutors with the intent to contribute to an understanding of students' insights into self-assessment. The interview analysis revealed the fundamental differences in high-achieving and low-achieving students' ability to self-assess in regard to how feedback was interpreted and then acted upon. The researchers found high-achieving students were less dependent on external judgement that inhibited self-assessment in the intervention they piloted compared to low-achieving students.
The challenges of implementing self-assessment in science were highlighted in another study. First-year biological sciences practical classes explored self-assessment through a step-by-step assessment task, with specific feedback approaches intended to introduce students to self-assessment (Yucel et al. 2014 ). The study compared assessment task marks across two units of study, with and without the stepby-step feedback approach. The authors (Yucel et al. 2014) were surprised to find a statistically significant decrease in the marks of students who participated in the step-by-step feedback approach compared to those students who did not have a selfassessment intervention. Furthermore, students reported high levels of dissatisfaction with the step-by-step approach, with no student commenting on how the process improved their self-assessment skills.
Studies into self-assessment tend to emphasise students' abilities to grade their work in relationship to how an academic would do so. They reveal that students struggle to effectively self-assess, and the challenges inherent in designing tasks that enable students to self-assess accurately. The perceived role of the teacher and student is also found to be a factor influencing how teachers engage students in selfassessing, and how students' rely on teachers for feedback to make judgements about the quality of their own work. Studies on self-assessment also tend to be situated at the micro-level of either an individual assessment task or the assessment regime in a unit of study. As Sadler suggested (1989) , evaluative expertise is developed over time and through numerous opportunities to engage in evaluative judgements, which could explain why Yucel et al. (2014) did not see students' selfassessment judgements improving during a single unit of study. A recent study focused on students' perceptions of assessment across degree programmes, including science, explored 'assessment for learning' via student self-reporting survey and interviews (Jessop, El Hakim, and Gibbs 2014) . The qualitative data gathered via interviews with students reveal comments that resonate with evaluative expertise: Both Sadler (2009) and Boud (2000) argue that evaluative expertise is a skill worth stating as a graduate learning outcome, indicating a whole of degree programme focus. As the higher education community continues to grapple with evidencing student attainment of graduate level learning outcomes, a key question becomes: how can broader assessment theories that emphasise students' capabilities to know what they know and know what they don't know be applied to graduate learning outcomes? In considering the question, the tension between accountability and improvement paradigms, as described by Ewell (2009) , should be acknowledged, because the purpose driving programme level assessment contributes to how such data are collected and interpreted. When accountability is the primary objective, the danger becomes a separation of learning from making judgements to guide one's learning (Edwards 1997 ). This study is situated in the improvement paradigm, whereby demonstrating and assuring graduate learning outcomes are inextricably linked with curriculum development processes to enhance student learning.
Purpose and contribution of study
The overall aim of this study is to investigate students' self-awareness of their attainment of quantitative skills as a graduate learning outcome. Sadler's theory of evaluative expertise is applied to broadly explore the question, do final year science students graduate knowing the quantitative skills they have, and knowing the quantitative skills they do not have? The purpose of this empirical investigation is to answer the following research questions:
How effective are final-year bioscience students at evaluating their quantitative skills?
How can formative assessment theories be used to 'make sense' of data on graduate learning outcomes broadly?
Method
Institutional and curricular context of study The study was situated in a research-intensive Australian university within a curriculum context that explicitly stated quantitative skills as a graduate learning outcome for all science students. This focus on quantitative skills aligned with international calls for science graduates to have improved quantitative skills (NRC 2003; Brown 2009; AAAS 2011; Koenig 2011) , and the national statement of science graduate learning outcomes that are underpinned by quantitative skills (Yates, Jones, and Kelder 2011) . Several curriculum reform activities were implemented to realise this science-specific graduate learning outcome following an extensive science curriculum review. These activities included:
• an introductory statistical unit being made compulsory;
• the development of a new, interdisciplinary mathematics-science unit highly recommended to first-year science students (Matthews, Adams, and Goos 2009); and • a final-year unit in each major being made compulsory with the intention of integrating knowledge and skills from across the degree programme, including quantitative skills, before science students graduated.
Participants
Overall, 211 students participated in the study, with 76% enrolled in a Bachelor of Science, 21% in a Bachelor of Biomedical Science and 3% in either science dual degrees or named science degrees (e.g. Bachelor of Biotechnology). Female respondents (53%) were slightly more common than males. Due to missing data, 24 students (12%) were excluded from analysis, with 187 responses included in this study.
Results were entered into a database and analysed in SPSS.
Data collection: quantitative skills assessment task To explore how students near completion of their undergraduate science degree programme could perform on quantitative tasks, data were collected from a purposebuilt assessment task. The literature was searched for existing quantitative skills performance tasks, with none fitting the specific purposes of this study or the context of quantitative skills in the science curriculum being studied, although some offered relevant questions. Thus, the Quantitative Skills Assessment of Science Students (QSASS) was developed with questions included from existing performance assessment tasks in statistics (Delmas et al. 2007) , and from mathematics applied in biology curricular materials (Nelson et al. 2009 ). The use of a purpose-built, contextspecific assessment task for quantitative skills aligns with 'assessment for improvement' approaches to collecting student achievement data (Ewell 2009 ).
The QSASS consists of 35 multiple-choice questions to be completed in one hour. The questions are grouped into two topics, each comprising subtopics, displayed in Table 1 . The intention of the QSASS was to investigate students' application of mathematical and statistical reasoning, not procedural knowledge or memory of rote-learned information. Thus, the QSASS questions were not designed to test memorisation of concepts and did not include any 'tricks'. The depth and scope of the questions were also selected to align with the intended curriculum as articulated by academics consulted on the development of the QSASS. The mathematical knowledge underpinned by the QSASS was not much more than school level mathematics, which aligns with recent evidence suggesting the expected level of mathematical knowledge required for biosciences is typically low . For example, a metric conversion question asked students:
Place the measurements below in order of ascending length: The statistical questions explored conceptual understanding of data and interpretation of statistical results. For example, students were asked:
Researchers surveyed 1000 randomly selected adults in the United States of America. A statistically significant, strong positive correlation was found between income level and the number of containers of recycling they typically collect in a week. Please select the best interpretation of this result.
(a) We can not conclude whether earning more money causes more recycling among U.S. adults because this type of design does not allow us to infer causation. Subtopics and questions were selected following consultation with four biologists, a statistician and a mathematician, all having taught students in the science curriculum being studied. The QSASS was produced iteratively though a process of development, consultation and redevelopment with these academics. This involved multiple meetings to determine which questions addressed an important aspect of quantitative thinking. If a question was deemed important, then the question was discussed in regard to being appropriate in terms of the academics' expectations that final-year bioscience students should be able to answer. If so, then the question was considered with respect to actually being taught in the degree programme. Through this multiple staged process, many questions were eliminated with 35 being agreed upon. The task was then piloted with approximately a dozen final-year students, followed by two focus groups to validate the clarity of the questions. The QSASS was then revised accordingly. Following completion of the questions for each subtopic, students were asked to then indicate their level of confidence in the subtopic on a four-point, alpha Likert scale (not at all confident, a little confident, moderately confident, very confident).
Data collection: administration
Final-year students completed the task in their final semester prior to graduation in a supervised lecture theatre. Given the QSASS was a low-stakes assessment task with no impact on students' academic outcomes, concerns about students' effort were considered. Prior to the assessment task, the purpose of the assessment task was articulated to participants. At the end of the assessment task, students completed questions that comprised a motivation scale, via subscales of importance and effort, used for low-stakes assessment tasks (Thelk et al. 2009 ). These results found the students' percentile rank for motivation was above average based on mid-Atlantic university norms. This suggests that students expended effort to complete the task.
Applying evaluative expertise
For the purposes of this study, the operational definition of evaluative expertise, adopted from the Sadler (1989) and Boud (2000) , was articulated as the capability to effectively self-assess the quality of one's own work. As Boud (2000) suggested, what sustainable assessment looks like will vary by discipline. Science as a disciplinary domain of knowledge tends to emphasise knowledge as the primary objective (Lattuca and Stark 2011) , with higher education science assessment regimes typically reliant on examinations including multiple choice questions (Jessop, El Hakim, and Gibbs 2014) . Thus, in the sciences, students' assessment achievement is often judged on the objective criterion of being right or wrong. The QSASS comprised questions requiring quantitative reasoning applied in scientific contexts, with students selecting the right answer from a list of options. Therefore, the standard of judgement identified in evaluative expertise for the purposes of this study was answering questions correctly or not.
To gauge students' effectiveness in self-assessing their quantitative skills on the QSASS, confidence was used as the proxy. Task-specific self-efficacy, or beliefs in one's ability to successfully complete a task as articulated by Bandura (1977) , was the rationale for using a confidence indicator. The term confidence was used, as opposed to self-efficacy, because the term and meaning were deemed more familiar to students. Unlike certainty-based marking, whereby students indicate for every question their degree of certainty that their answer is correct (Barr and Burke 2013) , the QSASS was designed on principles of self-efficacy to cluster questions of the same topic together, so that students answered a few questions and then indicated their confidence specific to topics.
For this empirical investigation, the specific question of evaluative expertise became: do final year science students graduate knowing the quantitative skills they have, and knowing the quantitative skills they do not have? Thus, two variables emerge that underpin our empirical investigation of evaluative expertise: performance and confidence.
Analysis
The number of correct answers for each student was calculated along with percentage correct at the subtopic, section and overall level. Using quartiles typical of descriptive statistics, QSASS scores of students were then grouped into one of two categories (performance variables):
'high' representing performance in the top quartile or those scoring between 75 and 100%; and 'low' representing those students who scored below 75%.
Second, a confidence indicator for each subtopic was available for each student. This gave information on students' topic-specific confidence on a four-point alpha Likert scale from 1 (not at all confident) to 4 (very confident), with responses coded as 1, 2, 3 and 4, respectively, for each subtopic (subtopic confidence variable). A confidence indicator for the mathematical and statistical sections was computed by averaging the respective subtopic confidence indicators, which was also done for an overall confidence indicator. Similar to QSASS performance scores, the confidence indicators of students were then grouped into one of two categories (confidence variables):
'high' group comprising very confident rating; and 'low' group comprising moderately confident, a little confident, and not at all confident ratings.
Grouping QSASS performance and confidence into 'high' and 'low' categories allows for 2 × 2 analysis of the data. Thus, another variable was then created to categorise each student in line with the 2 × 2 matrix into one of the four categories (performance-confidence variables):
(1) High performance-High confidence: Those scoring above 75% on the relevant 'performance' variable and very confident on individual confidence questions for each sub-topic.
(2) High performance-Low confidence: Those scoring above 75% on the relevant 'performance' variable and not at all to moderately confident on individual confidence questions for each sub-topic. (3) Low performance-High confidence: Those scoring below 75% on the relevant 'performance' variable and very confident on individual confidence questions for each subtopic. (4) Low performance-Low confidence: Those scoring below 75% on the relevant 'performance' variable and not at all to moderately confident on individual confidence questions for each sub-topic.
The rationale to distribute QSASS scores into two asymmetric groupings was twofold. First, with respect to performance, the data are scores on a quantitative assessment task whereby performance below 75% would not be expected from graduating science students. Second, the overall results were mostly above 25%, which makes the lower quartile (1-25%) relatively 'empty' of data and so less useful in terms of analysis of performance. The rationale to distribute the four confidence indicators into two asymmetric groups was to better align categories with the QSASS performance results to enable more meaningful comparison. First, science students graduating from a degree programme explicitly intending to build their QS would not be expected to report not at all confident upon graduation. Second, overall results were mostly above not at all confident (1), which makes the lower quartile relatively 'empty' of data and so less useful in terms of analysis of confidence In summary, the QSASS questions were not designed to test memorisation of concepts, did not include any 'tricks', and were not intended to categorise students into different grades based on their individual performance. It was the considered expectation of the academic question writers that most, or all, graduating students would be expected to answer most, or all, questions correctly, particularly given the pre-requisite level of mathematical knowledge required for entry into the BSc. Thus, a score of less than 75% of these questions answered correctly represents low performance for these students. Furthermore, given the nature of the QSASS questions, level of mathematical knowledge and that participants were completing a degree programme intent on developing quantitative skills, confidence levels in the lower three categories represent low confidence, as it was expected graduating students would report high levels of confidence.
Results
These results were categorised into a 2 × 2 matrix to visualise students' ability to self-assess effectively, with the categories high performance-high confidence and low performance-low confidence being indicators of evaluative expertise. Students falling into either the high performance-low confidence or low performance-high confidence categories would be less effective in demonstrating evaluative expertise in regard to their quantitative skills. Figure 1 displays the results for the overall QSASS performance and the overall average confidence indicator. The results show that only 9% of the students performed in the high category, receiving an overall score of 75% or above. In terms of evaluative expertise, the analysis shows that 70% of participants demonstrated effective evaluative expertise. However, only 5% were in the high performance-high confidence category, suggesting the majority of students in the study were aware of their low level of quantitative skills as assessed in the QSASS. Thus, 30% of participants fell into the two categorises that displayed inaccurate evaluative expertise with the majority (26%) over-estimating their performance relative to confidence. Figure 2 presents the results for the questions comprising the mathematical topics, showing 51% earned a high-performance score (scoring 75% or above). In terms of evaluative expertise, 67% of the students in the study demonstrated accurate evaluative expertise for mathematics, with 27% in the high performance-high confidence category. The remaining 33% were classified into the two categories demonstrating a lack of evaluative expertise, with 24% in the high performance-low confidence category. Thus, students in the study not displaying evaluative expertise for the mathematical section of the QSASS were more likely to be under-estimating their achievement. Figure 3 shows the results for the questions comprising the statistical topics, with only 6% of students scoring 75% or above (high performance). The majority of the participants in the study demonstrated evaluative expertise (74%), although 72% fell into the low performance-low confidence category. Of the remaining 26% in the categories demonstrating inaccurate evaluative expertise, 22% were in the low performance-high confidence category, which indicates over-estimating the level of statistical thinking and reasoning as measured by the QSASS.
Discussion
The aims of the study were twofold. The first aim was to explore how effective final-year bioscience students are in evaluating their quantitative skills. The second aim was to understand how formative assessment theories can be used to 'make sense' of these results and graduate learning outcomes more broadly.
Evaluative expertise of graduating biosciences students
The results showed the majority of students in the study demonstrated effective evaluative expertise of their quantitative skills as assessed by the QSASS. For the overall QSASS, 70% of students demonstrated accurate evaluative expertise with small variation between the mathematical (67%) and statistical (74%) sections. In demonstrating effective evaluative expertise, the preference would be for graduating students to achieve the desired graduate learning outcome at a high level and be aware of their high attainment. However, this was not the case for most students in this study, because only a very low percentage of students scored 75% or above on the QSASS, with only 5% in the high performance-high confidence category. The statistical section had only 2% of students in the high performance-high confidence category. The mathematical section had more students (27%) in the high performancehigh confidence category.
For the overall QSASS and the statistical section, those students who did not accurately self-assess were more likely to over-estimate their performance. The results of the mathematical section did not follow this pattern, with students more likely to under-estimate their performance relative to confidence. Concerns about 'over confident' students have been documented in the mathematics higher education literature (Tariq and Durrani 2011) , although the overall results of this study found the majority of students were accurately assessing their quantitative skills. For those students not effectively self-assessing in this study, the differences between the mathematical and statistical topics warrant further investigation.
While most students in this study displayed effective evaluative expertise, the overall low performance on the QSASS has implications for curriculum development. As a graduate learning outcome, it would be expected that most final-year students would perform in the 75% or above quartile on a quantitative skills assessment task purpose-built to align with the biosciences curriculum. The challenges of reforming undergraduate science degree programmes that integrate quantitative skills are well documented in Australia . A study of 13 science curricula found that academics struggled to identify where students had opportunities to learn and build their quantitative skills (Matthews, Adams, and Goos 2015) . Intensive curricular reform activities in the sciences at one Australian university demonstrated that influencing students' quantitative skills required years of ongoing effort (Matthews, Adams, and Goos 2015) . For complex outcomes of learning, Knight (2001) advocates for a progressive development of curriculum approach, whereby opportunities for students to learn and build mastery suffuse the degree programme in a coherent manner. This framework has been adopted by others investigating science communication as a graduate learning outcome (MercerMapstone and Matthews 2015) , and would seem to be relevant for the development of quantitative skills in the sciences.
Evaluative expertise applied to graduate learning outcomes Sadler (1989, 138) stated that, 'the possession of evaluative expertise is a necessary (but not sufficient) condition for improvement', because the student must then enact some strategy to raise the quality of their work to meet the higher standards. This study was limited to exploring evaluative expertise at the level of graduate learning outcomes, where one could argue that it is too late for students to enact strategies to improve. Boud's (2000) theory of sustainable assessment extends the reach of evaluative expertise beyond the role of formal education, into a lifetime of learning. As university graduates leave formal education with formal assessment regimes, they should enter an uncertain workforce prepared, as lifelong learners, to make critical self-appraisals to improve and advance their own work. Although employers might set quality standards and critique work, students in the workforce will be expected to make effective self-judgements and take necessary actions to improve. Boud's central thesis is contextualised within lifelong learning and has clear implications for debates on employability. However, Sadler contextualises his notion of evaluative expertise within his broader purpose of assessment in educational settings, the purpose being to learn about one's own learning against an external set of criteria and standards. Like Boud, Sadler's argument for evaluative expertise is about positioning self-appraisal, as central to the purpose of assessment, so that students can improve based on their own self-evaluation.
This implies that as curricular leaders attempt to reform degree programmes framed around graduate learning outcomes, they link this development with ideas of self-monitoring and self-appraisal. Such a change would require significant shifts in assessment practices at the unit level with a coordinated programmatic assessment framework. Recent research into patterns of assessment across degree programmes offers insight into how such efforts might unfold in practice (Jessop, El Hakim, and Gibbs 2014; Boud, Lawson, and Thompson 2015) .
Furthermore, implicit beliefs about the purpose of assessment would have to be challenged, which has implications for professional development of university academics regarding assessment. Ultimately, as Hawe and Dixon (2014) argue, the underlying notion of evaluative expertise is a concerted effort to allow students to take more responsibility for their own learning, which is central to both Sadler's (1989) and Boud's (2000) theories.
Limitations
The findings of the study should be interpreted with consideration of several limitations. First, the research was conducted at a single institution with a specific institutional environment and student population. Thus, generalisation of findings should be done only with careful consideration of the educational context. Second, the QSASS, a purpose-built data collection instrument, should not be interpreted as a general measure of quantitative skills. The questions were selected and developed for the specific context being studied with the intent of aligning questions to the curriculum under investigation. Finally, the methodological decision to categorise students based on academic expectations that students would perform in the top quartile, and express high confidence in the top quartile, impacts on the results. This should be considered when interpreting the conclusions of the study.
Conclusion
The study found that the majority of students demonstrated effective evaluative expertise of their quantitative skills as assessed by the QSASS. However, most students fell into the low performance-low confidence category, which indicates students were aware of their low capabilities with regard to quantitative skills as a graduate learning outcome in the biosciences. Graduate learning outcomes offer a guide for curriculum development with students as the intended beneficiaries of such reform efforts. While accountability to government agencies has a role, assessment of graduate learning outcomes should also support student learning as argued by Ewell (2009) . Infusing notions of evaluative expertise (Sadler 1989 ) and sustainable assessment (Boud 2000) for lifelong learning into debates on assessing graduate learning outcomes offers a means of refocusing on what students are learning about their own learning. This study applied these two theories at the level of graduate learning outcomes to explore how evaluative expertise can be used to make sense of data on a graduate learning outcome in science, and to understand whether science students are graduating knowing what they know, or don't know, at the level of a broader graduate outcome. Further research that applies evaluative expertise to other disciplines and graduate learning outcomes would benefit the sector, along with inquiry into curriculum development that fosters evaluative expertise, similarly to the Boud, Lawson, and Thompson (2015) study. It is time to further the debate on how assuring graduate learning outcomes can enhance student learning.
